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] CDR Division Background

Vision Statement

e Advance diverse CDR approaches in service of facilitating gigaton-scale removal by 2050,
emphasizing robust analysis of life cycle impacts of various CDR approaches and a deep
commitment to environmental justice, including rigorously evaluating CDR, defining conditions
for success and leveraging leadership and expertise.

Funding Levels

e Base appropriations of around $70M annually

e Additional work on $3.5B DAC Hubs, $115M DAC prize competitions, CDR-related SBIR selections,
and similar programs

Key Partners

e National Energy Technology Laboratory CDR Program: direct R&D and program implementation
e EPA, NOAA, DOT, USDA, USGS/DOI, NIST/DOC, State, etc.
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These are just U.S.-based hard-to-abate emissions, but countries

around the world will also have these and address them with CDR.
ll CDR Background

Hard-to-abate Emissions
*based on 2019 emissions data

Residual Fossil,

e.g., methane leakage,
Agriculture Trucking Aviation < 100% CCS

~1.34 GtCOe + ? : : 0.19 0.04 ?
Shipping Industry

Carbon Dioxide Removal Pathways

/7 WIPPILL L
Direct Air Capture Soil Carbon Biomass Carbon Enhanced Ocean-Based Afforestation /
with Storage Sequestration Removal and Storage Mineralization Carbon Dioxide Removal Reforestation
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]l DAC Overview
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. Spectrum of DOE DAC Work by Technology Readiness Level (TRL)

Materials Structured Pilot-Scale Pre-FEEDs Large
Development Material Tests Validation and FEEDs Demonstration
(TRL 2-3) (TRL 4-5) (TRL 5-6) (TRL 6+) (TRL 7+)

"

Discovering and Testing structured Scaling to Conducting Funding demo-
testing novel materials systems engineering scale engineering scale (with OCED
materials and and integrated for durability and studies and cost through Hubs)
processes for bench-scale environmental estimates for and credit
efficient DAC systems testing DAC facilities purchasing

J
|

"

"

Techno-economic and life cycle assessment, process modeling, systems analysis, and workforce development
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] Approximate DAC Program Schedule

Direct Air Capture
2020 2025 2030 2035 2039
100 kta Pre-FEEDs>
Gen-1 5 kta FEEDs
DAC Hubs (250 kta FEEDs) >
-----------------------------------------------------------------
Novel Materials ) In Progress
Lab/Small Bench Structured & Component Systems >
I BIL
Integrated Bench-Scale Testing >
Planned
Pre-Commercial Tech Prize >
DAC Hubs (250 kta Pre-FEEDs)
Gen-2+ %
Commercial Prize (Pilots) >
Pilot-Scale Testing >
Pre-FEEDs >
FEEDs >
Large Pilots/Demos/Sub Hubs >

We’ll discuss just a few of our many programs on the following slides.

Fossil Energy and

Carbon Management



Jll BIL: Regional Direct Air Capture Hubs

DQOE is providing up to $3.5B of funding from the Bipartisan Infrastructure Law (BIL) for the

Regqgional Direct Air Capture Hub program, which to the extent practicable will:

» Establish four geographically diverse DAC Hubs, each demonstrating integrated capture and

storage or conversion of at least 1 million metric tons per year

» Fund Hubs in areas with (a) current or retiring carbon-intensive fuel production; (b) high potential for

carbon sequestration or utilization; (c) high scalability potential; and (d) high employment potential

» Facilitate the deployment of at least two Hubs in economically distressed communities with

significant quantities of fossil fuel resources

Fossil Energy and

S
NERGY Carbon Management



] Regional DAC Hubs Progress

In August 2023, 21 DAC Hub project selections over three topic areas were announced to support

initial industry-wide efforts to advance toward the goals of the DAC Hub program. Future Hub funding

will continue sponsoring a variety of DAC projects to support achievement of program objectives.

Topic Area 1: Feasibility
Studies and Site Selection

Conceptual and pre-FEED studies
followed by site and tech selection

24 months and <$3M DOE funding
per project

14 selections by FECM/NETL
~$40.9M total DOE share
~10 states

o /

Fossil Energy and

Topic Area 2: FEED Studies\
and Project Development

FEED studies and other activities to
support project development

24 months and <$12.5M DOE
funding per project

5 selections by FECM/NETL

ﬁopic Area 3: Permitting anh

Construction

Detailed design and NEPA followed
by construction and operation

<10 years and <$600M DOE
funding per project

2 selections by OCED

~$58.7M total DOE share
~5 states

o /

Up to $1.2B total DOE share
\ 2 states /

EN ERGY Carbon Management



DAC Hub and Pre-FEED/FEED Initial Locations

RMI
Pacific Northwest (non-specific) \‘ -

University of North Dakota EERC
ND

Carbon Capture, Inc.

WYy -
l‘ University of lllinois
- - — Illinois Basin B | Northwestern University
University of California, Berkeley Fervo Energy Company ® Midwest Region (non-specific)
San Joaquin Valley, CA Southwest. UT University of I1linois
: ———— ® University of Kentucky
& P ® Research Foundation
a = Si E I Eastern Kentucky (non-specific)
L o | Aera Federal LLC o —| AZ Board of Regents; |_emens nergy. nc.
/ 2 Kern County, CA Arizona State University Midwest (non-specific)
Electric Power Research Institute, Inc.
CA
u Chevron
Kern County and
adjacent [
counties, CA A General Electric TN . University of lllinois TA-1
Houston (area), FL ®
P .. * TA2
ASRC Energy Services, LLC e TA-3
Multiple Potential Locations, AK s+ Pre-FEED Studies
Louisiana State Universi .
” ty ® FEED Studies
Sedimentary Basins
1PointFive SRISE

Battelle
Calcasieu Parish, LA

Kleberg County, TX Mobile County, AL

NOTE: Specific sites have not necessarily been chosen, and locations are subject to change.



Jll BIL: Pre-Commercial DAC Prizes

Funded by BIL, these prize competitions are awarding over $7M to early-stage startups

and accelerators to advance DAC entrepreneurship across the country.

Arizona Board of Regents (CNCE) Tempe, AZ
Capture6 Berkeley, CA Activate Global Berkeley, CA
Carbon To Stone Ithaca, NY Impossible Labs (AirMiners) San Mateo, CA
Rhoic San Leandro, CA gener8tor DAC Accelerator Chicago, IL
Giner Newton, MA Newlab DAC Slingshot Program Brooklyn, NY
Holocene Knoxville, TN Radicle Development Center Malvern, PA
Nixsen New York, NY

.S. DEPARTMENT OF FOSS” Energy and

EN ERGY Carbon Management



Il BIL: CDR Purchase Pilot

AMERICAN

MADc

.5, DEPARTMENT OF ENERGY

CARBON DIOXIDE REMOVAL
Purchase Pilot Prize

Semifinalists
Company Location

i Lithos Carbon

Clean Energy Ebb Carbon

Systems Charm Industrial
Heirloom

280 Earth
Arbor Energy

Avnos Inc. — Equatic

Carbon
Capture Inc.

© DAC with Storage

BIiCRS

© Enhanced Weathering /Mineralization
O Planned/Managed Carbon Sinks

DEPARTMEN? OF Fossil Energy and

ENERGY Carbon Management

Climeworks

Alkali Earth

|+, Carbon

Global Thermostat o A Vycarb Inc.

and Fervo Energy Eion

Carbon America 4 O%— Carbon
Lockdown

"— 8 Rivers
! Graphyte ;

Mati Carbon
1PointFive
Climate Robotics
Vaulted Deep

» Funded by BIL, the $35M
CDR Purchase Pilot will
pilot government CDR
procurement and validate

MMRYV methodologies.

» Nine DAC teams have
been selected as
semifinalists, offering ~27K
tons of credits over the 36-

month delivery period.




] BIL: DAC Pilot Prize

Commercial Direct Air Capture Pilot Prize

PHASE 2 PHASE 3 PHASE 4

ENGINEER PERMIT OPERATE
Front-end englmﬂng design Permit and detailed design Construct and operate
= Upto 5 winners * Up to 4 winners « Up to 4 winners
B H,ﬂﬂﬂ.ﬂﬂﬂmﬁllpllﬁe + $1,000,000 cash prize + Up to $6,5000,000 cash prize
per winner per winner per winner
+ $20,000,000 total cash * $4,000,000 total cash + $26,000,000 total cash
prize pool prize pool prize pool

This recently launched prize will award DAC developers as they progress from existing small-scale
units (1-100 tpa) to pilots capturing at least 500 tons per year, which is the next stop on the way to mid-

scale (5—-25 kta) and eventually large-scale facilities. Phase 1 apps are due February 7%, 2025.

Fossil Energy and

' EN ERGY Carbon Management



Il NETL DAC Test Center

» Represents a one-of-a-kind facility dedicated to
supporting private-sector DAC maturation (with several
agreements signed and more under negotiation)

carbon capture technology development and National
Laboratory resources and capabilities

» Integrates experimental and modeling techniques to
efficiently support scale-up

» Tests capture materials and processes under variety of
climatic and environmental conditions

- DEPARTMENT Sk Fossil Energy and

u.s
ENERGY Carbon Management



Jll NETL DAC Test Center Testing Scales
A ® Coo

Material Scale Module Scale Prototype Scale
Novel Material Assessments Form Factor Evaluation Developer-built Unit Testing
(~0.1 kg Cogldﬂy} (~1O kg COE/day] (~100 kg CO,/day)

Operational

Fossil Energy and

ENERGY Carbon Management



Il Potential Role of States in Scaling DAC

Demand-Side and Regulatory Support

e Incorporating DAC into compliance carbon markets (e.g., SB 308) or even directly purchasing DAC credits could help drive demand for
the nascent DAC market and send a key signal to investors and other buyers. Regulatory support for geologic CO, storage is vital as well.

Community Engagement

e Successful DAC megaprojects will rely on community acceptance, and states are in a unique position to discover, communicate, and
enforce community expectations and desires for new facilities.

Workforce and Company Development

e Structuring educational curricula, university programs, apprenticeship programs, and startup accelerators/incubators to support DAC
are important means of developing the people and companies needed to support the industry.

Roadmap Development and Project Promotion

e Modeling and communicating the expected role of DAC for state decarbonization efforts and uplifting DAC projects or companies in the
state could increase public awareness of, acceptance of, and investment in DAC.

Innovative Ideas

e Innovative approaches such as providing low-cost loans, engaging in public—private partnerships, and exploring community/state
ownership could have unique impact potential. If anyone has any other innovative ideas, please share them in the Q&A!

These items are provided solely as ideas or topics for discussion and are not necessarily endorsed by FECM, DOE, or USG.

.S. DEPARTMENT OF FOSS” Energy and

ENERGY Carbon Management




. Specific DOE Programs of Interest to States

> Utilization Procurement Grants: Funding for states, local governments, and public
utilities to procure goods made with captured carbon (apply by 4/30/25)

» Voucher Program: In-kind support for wide variety of innovation, commercialization, and
collaboration opportunities (see ENERGYWERX VO3 for an active carbon management

siting/permitting support opportunity)

> Office of State and Community Enerqgy Programs: Technical assistance and contact for
general clean energy programming

Be sure to follow FECM’s Solicitations and Business Opportunities and similar pages
for other DOE offices to stay up to date with available funding opportunities!

Fossil Energy and

Carbon Management


https://www.energy.gov/fecm/funding-notice-bipartisan-infrastructure-law-carbon-utilization-procurement-grants
https://www.energy.gov/technologytransitions/voucher-program-opportunities
https://www.energy.gov/scep/office-state-and-community-energy-programs
https://www.energy.gov/fecm/fecm-solicitations-and-business-opportunities

] Key Takeaways

» Sponsored projects cover a wide range of technologies, scales, technological maturities,

robust build-out of the U.S. DAC ecosystem.

|
|
|
|
|
|
|
|
|
|
: organizations, approaches, and geographies to hedge against risk via diversification and ensure a
|
|
|
|
|
|
|
|
|
|

Fossil Energy and
Carbon Management




U.S. DEPARTMENT OF

{ 2|
4 % /5
ES|

Fossil Energy and
Carbon Management

Questions?

Grant Faber
DAC Hubs Program Manager
Office of Carbon Management
U.S. Department of Energy
grant.faber@hq.doe.gov

+1 (240) 798-1032


mailto:grant.faber@hq.doe.gov
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GtCO , fyear

Net Zero requires drastic emissions reductions
and carbon dioxide removal

50

Current climate policies —y

40

Reduce as much
as possible

30 . e
Conventional mitigation

technologies
>
o
@

} Remove unavoidable

20

10

Avoided emissions

o Net emissions Carbon removal solutions

2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Source: Adapted from IPCC (2022) & United Nations Environment Programme (2021)




Direct air capture and storage (DAC+S) vs. =
carbon capture and storage (CCS)

‘ CDR via DAC+S
removes CO, directly
B from the atmosphere,
€O resulting in negative
emissions
— — —

SEIICIIICIS)

fossil

S ARPRARA® D e eonees
\ |:| |:| |:| |:| I:I |:| I:I U |:| before it enters the

|

avoided emissions
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How our direct air capture technology works <

2 Once the filteris
saturated with CO.,
the filter is

Y heated to 100 °C
L
Ambient air CO.-filtered air Concentrated CO:
T;. Utilized
. . 'ﬁ:
LA £y | Permanently
. * 1 / stored
CO: is chemically 3 CO:is then released from

bound to the filter the filter and collected
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Our business model has two legs — B2B & B2C <

Leading companies from various industries sign long-
term contracts (up to 10 years)

Vibrant community of climate pioneers with monthly
subscriptions or one-time gifts

Key contracts (examples)

=. Microsoft JPMORGAN CHASE & CO.

0 D
BCG e

stripe

Example clients

18k+

Climate
Pioneers
56
countries

Bill Gates

4 Coldplay

US market with strongest demand, followed closely by Europe




Q
{2
929
500+

Climeworkers

dedicated to fighting
global warming

D

9

> 120,000

hours operational
experience

H<H
$810

million
raised

‘Y

< 10%

life cycle emissions
renewable energy
powered

Since

2009
>15 DAC facilities

Including the world’s first and
only large-scale commercial
DAC+S
facility




O

SUCCESS
factors

anuary

Market
readiness

Land/storage
availability

Technology

Energy

Cost
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Over 9,000 Gt of storage
capacity potential

2o coaal
AR

N

W

~400 Gt
Iceland

~75Gt
UK

~8000 Gt
United States

~200Gt
Middle East~ -
(SaudiArabia,
Ay UAE, and Oman) " -

~b00 Gt
Autralia

W

> 7

Source: Oil and Gas Climate Initiative, U.S. Department of Energy



We are on track:
Our journey to impact at scale

Ongoing project
development

Completed
Orcal 4kt
Iceland
Mammoth | 36kt
Iceland Enova | Mt
Norway
Deep Sky | Mt United Kingdom,
Canada Germany, Belgium,
(@) Austria, Italy
.
@ Capricorn | 900t
Switzerland
DOE Projects | Mt @ g4-°1
United States i
Great Carbon Valley | Mt
Kenya
First mover Megaton hub rollout Replicate globally
2017-2023 2024-2030 2030+

36



Heat integration

Solar

Geothermal

- watsae ..v

El B SN 1 iy
W i
? s - = ’
- M : 4 | i
f . b h i - |
: ' ! ol | | ! '
. - . L e | =
- it
M- 4 i
§ e e .

._.m._ﬂ-alln I..




DAC cost (real, $ / tCOz)

$1500 -

$1,000

Total
production

cost:
400-600

$500

a0 -

2024 2027 2030 2035 2040 2050

. Cost of capture . Project cost . Overhead
38




Our technology evolution

2014 2017 2021 2024 2024

Capricorn
P Y P

Puro Certification

g —

-}

@ A = _

s

Gen 2

January 2024 39
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Generation 3

New system layout

* Improved energy
utilization

* |[ncrease
robustness

* Reduced
footprint

January 2024

Different sorbents
allowing for:

* Faster kinetics
* Higher throughput
* Faster desorption

41



Goals Increase capture capacity

Increase filter material lifetime

Reduce energy consumption

Reduce overall cost
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[ets make DAC the new solar

W
=
o
o
o

Early Innovation : Global deployment

1995

| Solar
2024

DAC

2029 :

Cost per ton CO2 abated/removed ($/t)

2050
2022
T T T T 1
10 kiloton 1 Megaton 1Gigaton
10 MW 1GW 1TW

Actual 2020 solar capacity was 20x higher than forecasted
in 2005 and 120x higher than forecasted in 2000.

44




g climeworks

Andrew Fishbein
Lead Government Affairs North America
andrew.fishbein@climeworks.com

in © ¥ O @

www.climeworks.com



http://www.climeworks.com/
mailto:contact@climeworks.com
https://www.instagram.com/climeworks_official/
https://www.linkedin.com/company/climeworks/
https://www.linkedin.com/company/climeworks/
https://www.youtube.com/channel/UCoDhlEOjYIq926UN1zse1_Q
https://twitter.com/Climeworks
https://medium.com/%40Climeworks
mailto:andrew.fishbein@climeworks.com
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